Equations of Motion with Multiple Proper Time: A New Interpretation of Basic 

Quantum Physics 



Xiaodong Cherfl 
(Dated: February 1, 2008) 

Equations of motion for single particle under two proper time model and three proper time model 
have been proposed and analyzed. The motions of particle are derived from pure classical method 
but they exhibit the same properties of quantum physics: the quantum wave equation, de Broglie 
equations, uncertainty relation, statistical result of quantum wave-function. This shows us a possible 
new way to interpret quantum physics. We will also prove that physics with multiple proper time 
does not cause causality problem. 



PACS numbers: 03.65. 
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I. INTRODUCTION 



From Thirring Q and KaluzaQ 's 5-dimensional 
space-time to today's superstring theory, Physics with 
extra space-time dimensions have been studied for about 
90 years. One of questions the theories have to face is: 
"do we have any observation of extra dimension in na- 
ture? " For more than 90 years in another area, from 
Einstein to Bohmj3]'s quantum hidden variable theory, 
people have been looking for a way to find classical in- 
terpretation of quantum physics. The purpose of this 
paper is to show that it is possible to interpret quantum 
physics by adding extra time dimension (or dimensions) 
in classical physics. 

The extra space-time dimensions in most theories are 
space dimensions. People believed that extra time di- 
mension could cause causality problem 0. I. Bars and 
etc @0 proposed two timelike dimensions in string 
theory which called "two time physics" . I. Bars' papers 
could raise questions like: "Does two time-like dimen- 
sions necessarily mean two dimensional time? " ; "Does 
that create causality problem? " One of the most im- 
portant questions is: if there are two dimensional time, 
a particle should be able to move under two independent 
"proper time", how does the motion look like in basic 
physics? 

In this paper, multiple proper times are introduced in 
classical physics. In addition, a particle is always treated 
as a point particle in this paper. Sect ion HT1 will introduce 
the model of two independent proper time. The world 
lines equations and motion of equation of single particle 
under two proper time are derived. Section IIIII will in- 
troduce the model of three dimensional time. In section 
IIVI the interpretation of quantum physics is discussed. 
In section Ivl Causality under multiple dimensional time 
is discussed. Section llVI will show that multiple dimen- 
sional time will not cause causality problem. 



II. TWO PROPER TIME MODEL FOR 
CLASSICAL SINGLE PARTICLE 

Relativity introduced symmetry between time and 
space into physics. In Ricmann Space, the only differ- 
ence between time and space are their signatures (+ and 
-); but there is one asymmetrical properties which time is 
different from space - proper time r. r plays as a special 
affine parameter in Relativity. In fact, r is the one we 
called "time" in our common life(in low speed world). If 
there is n-dimensional time in the world, there should be 
n-dimensional proper time. 

In this section, we will study how the motion of single 
particle looks like if there are two proper time. Through- 
out this paper, r indicates the first proper time which 
is the proper time in relativity, cr indicates the second 
proper time. We call world line t if particle moves along 
world line with proper time r, and world line a if parti- 
cle moves along world line with proper time cr, We made 
some reasonable assumptions to second proper time: 

1) World lines a are orthogonal to world lines r. 

2) cr and r are independent; i.e., when particle's posi- 
tion on world line r is unchanged, the particle can still 
move on world line a and vice versa. 

3) Similar to Kaluza and Klein ||'s idea, we apply 
cylinder condition on cr: cr is a loop with value from to 
2tt. 

For free particle with constant velocity, let x aT (a = 
0..3) be 4-dimension coordinates on world line t; u — 
\JuiU 1 , (i = 1,2,3) which is speed of particle on world 
line t; x aa be 4-dimension coordinates on world line cr; 
v = \ZviV' 1 , (i — 1,2,3) which is speed of particle on world 
line cr. t T as time on world line r, t„ as time on world 
line cr, then 
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where i=l,2,3; c is the speed of light, 
energy can be defined as 
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where i=l,2,3 ; m is mass of particle. Then from special 
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FIG. 1: World line r and world line a on t — Xi plane in 
Minkowski space. Particle can move along both world lines, 
slope of r is u/c. At t = 0, the single particle will be shown 
at many positions: —x\, —X2, ... — x n with different values of 
r and a (— Ti, <T\)..{— r n , c n ). Also the single particle will be 
shown at a; = at different time: ti,t2,--t„ with different r 



and <t avalues; where x„ = h/mu and i n 
de Broglie wavelength and period. 



h/mc which are 



relativity, world line r satisfies condition 

i 

P\X\ -P2X2 -P3X3) 



T = (Et 

m 



(3) 



where mo is static mass. Figl draws world line r and 
world line a on xq — Xi plane in Minkowski Space. 
Slope of world line r IS X%t 

/xqt, Slope of world line a 
is Xia/xoa-, and Xi T /xo T — xoa/xia since they are perpen- 
dicular to each other, so 



(4) 



Vi > c and a is space like, r and a are independent; On 
each point of world line r, particle can move on world 
line a. 

Fig2. draws world line r and world line a on xq — Xi 
plane in Riemann Space. 

The equations of motion of particle are: 



Xo(t, a) = 
Xi{r,a) = 



+ i 



a 
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hx (T ,a ) (5) 
Xi(T ,a ) (6) 



1 



FIG. 2: World line r and world line a on Xo — Xi plane in 
Riemann space. At each points of world line r, the parti- 
cle can move along world lines a, slope of r is u/c. Each 
world lines a parallel to each other with slope: v/c — c/u. 
In Riemann space, r and a are orthogonal to each other. At 
t = 0, the single particle will be shown at many positions: 
xi, X2, — x n with different values of r and a (n, a\)..(j n , cr n ). 
Also the single particle will be shown at x = at differ- 
ent time: ti,t2,..t n with different values of T,sigma; where 
x n = h/mu and t n = h/mc 2 which are de Broglie wavelength 
and period. 



where i=l,2,3 ; xq(tq, ctq) is initial value of xq, Xi(ro, <Jq) 
is initial value of imaginary number i is to keep a 
and x a to be real value since v » c. Under equation 
©, particle's position is determined by two proper time 
(t, a), but the particle's position can not be localized by 
each of them individually. As the result, particle's spatial 
position Xi is not localized at fixed time t. Therefore, 
different from Relativity, the physics of single particle is 
not localized by 4-dimensional space-time. 

From Figl we see that at t = xq = 0, particle's spa- 
tial position can be at — x n through the path: from — r„ 
to — x n \ and can be at X2 through the path: first from 
—T n — > — T2, then from — T2— > xi\ and can be at x\ 
through the path: first from — r„— > — t±, then from 
—T\— > X\. At t=0 and = —2n, we have 



Pi 

similarly at Xi = and ^^j^- = 2tt, 

h 



t 



E 



(7) 



(8) 
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FIG. 3: World lines a is a infinitesimal loop to fixed point FIG. 4: The loop of extra time dimension on complex plane 
(xo, to), t perpendicular to loop a, so r can point to any 
direction, the slope of r is from — oo to oo which means the 
momentum is from — oo to oo. 

III. THREE PROPER TIME MODEL - 
APPROACH TO QUANTUM PHYSICS 



If ^^jjp satisfies periodic condition, then equationJJJ) and 
© become de Broglie equations, but r is the proper time 
associate with time dimension t, and we never observed 
periodic properties in classical physics for t, so we need 
to add one more time dimension and proper time in the 
next section. 



The Above equations illustrate the motion of single 
particle under two proper time with constant energy and 
momentum. The single particle spreads out everywhere 
in space-time, i.e., with fixed energy and momentum, the 
particle's position and time are uncertain. That is, be- 
cause at each fixed r, particle can move by a to another 
position. To localize a particle, we need to make all a 
"stay" only at one position (xio,t). From equation 
Vi can not be zero, so world line a must be a infinitesimal 
loop around (xio,to) as shown in Fig3. But world line r 
perpendicular to world line a, and the slope of r is 
momentum pi — miii. From Fig3, we see that because 
at each points on circle a, particle can move perpendic- 
ular to a which create a world line r, and the slope of 
r is from — oo to oo, so the momentum becomes — oo to 
oo . Fe. if we localized particle's position and time, the 
momentum and energy will become uncertain. 



Let's introduces new time coordinate x 4 and new 
proper time cf>. Fig4. draws time loop on a complex- 
plane, and 4> is the angle from to 2n. The equation of 
loop is e 1 ^ . Let 



m T 



(9) 



i.e., particle moves around the loop of <f> with angular 
uses equation J2J, the equation of loop be- 

(10) 



velocity ?f- 
comes: 



,\(Et— pixi— P2X2— P3X3) 



It is wave function of quantum particle with fixed 4- 
momentum. In fact, in Figl, at t=0, particle's positions 
are any points from — A = ^ to with X4 from — 2tt to 
0; At x=0, particle stays position (x=0) at time from 
to -g with X4 from to 2ir. Therefore, Figl. and Fig 2. 
illustrate a plane wave. It is created by single particle's 
motion under proper time t, a, <f>. 

Assume the geometry of new time dimension £4 is a 
loop with fixed radius (we can also assume the radius 
of loop is very small, for example, the length of Planck 
constant h, to be convenience, here we choose radius =1 
), then 

(11) 



x 4 = 



On Xi coordinate, when X4 moves around a circle, Xi 
moves from to A, this can be interpreted as x oscillating 
along X4 direction which is perpendicular to x-t plane. 
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Let's go back to proper time cr, and let the time di- 
mension which associates with cr be £5. Particle moves 

2 

along world line a with speed ^- which is phase velocity 
of de Broglie wave. Similar to x±, assume x$ is also a loop 
as illustrated in Fig4., we can build 1 to 1 relationship 
between loop x$ and world line cr, let 

In real world, we only have knowledge of one dimen- 
sional time t. In experiment, we measure one time di- 
mension by using "clock" . We do not know how to syn- 
chronize each particle's 2nd and 3rd time dimensions X4 
and X5. When a particle of apparatus arrives at (x,t) 
with 2nd time dimension x^ a , the x 4 value of the par- 
ticle to be measured can be any value on loop e lT ; But 
to "meet" the particle at location X(xi), the apparatu's 
particle and the particle p must arrive at location X{xi) 
at the same three dimensional time, i.e. Xi a = X4 P , and 
X5 a = x§p. The possibility of x^ a = x^ p is 

^ = P 4> = j^ (13) 
Similarly, the possibility of x$ a = x$ p is 

p« = f^ = r (14) 

So the total possibility to find particle at (x,t) is 

P = P^Pa = W>* (15) 

For the plane wave of single photon, proper time r = 0, 
equation © is no longer valid. Then proper times a and 
(j> are not related to r. Instead, we separate the motions 
of photon by three proper time. 1) Photon moves along 
world line r. 2) Photon has oscillation E = E e~ lLJt+Xx 
by a which perpendicular to r, where E is electric field. 
3) Photon has oscillation B — Boe~' luJt+Xx by <f> which 
perpendicular to t, where B is magnetic field. The pos- 
sibility to find photon is proportional to : 

S = ExB (16) 

In another paper ^lj, I proved that by choosing 6- 
dimensional space-time metric as 

/ 9af3 \ 
(9ab) = I V I (17) 

where metric elements g a p is 4-dimensional metric. We 
can derive Klein-Gordon equation directly from Einstein 
field equation: 

Gab = kT A b , (18) 

Under this metric, for spinless free particle, we have equa- 
tion of world line r: 

ds 2 = dx a dx a + ei {pC " x "- moX5) dx i dx i - dx 5 dx 5 (19) 



Equation for world line a 

ds 2 = dx a dx a - dx^dx 4 + e^ p " x "- moXi) dx 5 dx 5 (20) 

In general, for spinless particle, equation 119(1 becomes 

ds 2 = dx a dx a + i\j 2 dx^dx — dx^dx 5 (21) 

Put it into Einstein field quation, it satisfied wave equa- 
tion [13: 

d A d A tp = (22) 

where A = 0...5, ip is wave function. The wave equa- 
tion ill' 2 1) is derived directly from Einstein field equation 
where Planck constant plays the same role as gravational 
constant |l l| . It means that quantum phenomena can 
be understood as pure geometry effect of 6-dimensional 
space-time. 

IV. INTERPRETATION OF QUANTUM 
PHYSICS 

Non-local property of single quantum particle is one of 
the most important reasons why quantum physics does 
not fit in classical physics theory. In quantum physics, 
a single particle can stay at different places at the same 
time. In double slits interference experiment, if we try to 
use classical paths to describe particle's motion, the par- 
ticle has to pass both slits at the same time. In condense 
matter physics, a electron's spatial positions will be ev- 
erywhere in lattice at any time; i.e. the electron's must 
be able to stay in may spatial positions inside lattice at 
the same time; in the experiment about Bell's inequality, 
a single particle must stay in two different spatial places 
even though the distance between those two places are 
"far" . Those all conflict with our knowledge in classical 
physics (including Relativity). In classical physics with 
one dimensional time, a particle can not stay in more 
than one place at the same time. 

Section ^ demonstrates that by introducing multi- 
ple proper time, single particle's motion shows non-local 
properties in classical physics. The particle can move to 
different places by extra proper time cr, in Figl, at time 
t=0, particle's spatial positions are x\, x%, ... x n . In fact, 
section ITfl and ITTT1 draw two different pictures: 

1) Along world line t, free particle moves like classical 
particle with constant velocity with classical energy and 
momentum. 

2) World lines of cr and <fi are also straight lines. Rela- 
tions between (j) and 2nd time dimension X4, a and third 
time dimension x 5 are X4 = e 1 ^ = e r° , x§ = e la — 

e & , The equations come from the geometry of X4 
and 25, which are loops in complex plane. 

Put 1) and 2) together, then with equation it created 
plane wave function for single particle. Single particle's 
position is not unique under 1 dimension time t, but the 
position is unique under three dimensional time (t, X4, 
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x 5 ). Because of the uniqueness, one particle can not con- 
tribute two energies, one electron can not contribute two 
electronic charges. In addition, at each point (t, £4, 2:5) 
of three dimensional time, the particle's energy, momen- 
tum and charge are the same definition as in classical 
physics. 

To measure particle p at (x,t), the values £4 and £5 
of apparatus's particle must by the same as the values of 
p. That is because two things can only meet at the same 
time (here are three dimensional times) . In section IIIII 
we have discussed that: because we do not have appa- 
ratus to measure 2nd and 3rd dimensional time, we can 
not determine particle's location by our 4-dimensional 
apparatus. Instead, the particle's position is statistical 
in 4-dimcnsional space-time description. The possibility 
of finding the particle is proportional to ipip* in equation 
(|15|l . Equation (|15|l is derived by single free particle with 
constant velocity. In general cases, the map between £4 
and £5 loops to 4-dimensional coordinates are not nec- 
essarily to be plane wave function. Instead, it could be 
the combination of plane wave function with different 
frequencies and wave-lengths. For example, the case of 
Fig3. Then the world lines of particle become multiple 
lines of world lines r with different slopes. But on each 
individual world line r, £4 and £5 are plane waves with 
the same frequency and wave-length. That means in gen- 
eral: 

x 4 =* = V(ro)+V(n) + ...^(r n ) (23) 

Then 

x 5 = <A*(r ) + + -4*{r n ) = (24) 

So the possibility of finding particle is always \^\ 2 ■ When 
we found the particle, the particle's momentum, energy 
and other observables are defined along r, so the average 
value of classical observable F is: 

< F >= J F\if;\ 2 (25) 

Figl. and Fig2. show that when particle's momentum 
is fixed, particle's position is uncertain because particle 
can move by a. Fig3. shows that when particle's position 
is localized, particle's momentum becomes uncertain be- 
cause of the changing slopes of r by world line cr, i.e. we 
can not find a world lines distribution of r and a such 
that both position and momentum are constant. That is 
the reason we have uncertainty relationship for x and p 
in quantum physics. 

Now let's consider the double slits interference experi- 
ment for particle. In x-y plane, let particle move along x 
coordinate with y = 0, the double slits at x= d, two slit's 
coordinates are S\(d,y/2) and ^(d, — y/2), and screen 
at x = S. When particle reaches x=d, we know that even 
though the particle's y component of velocity u y is zero: 
u y = 0, particle still moves in y direction by proper time 
a, so at x=d, particle can move from SI to S2 by cr, i.e. 
the particle passes both slits at the same time t. At Si, 



the particle's £4 and £5 value are (e 1 ^, e~ l9 ), and at S2 
with values {e l ^ +s \ e"^ e+(5 - ) ), 5 is a small number since 
the distance between Si and S2 is small. After particle 
passes SI and S2, the world line r splits into two paths 
with world lines n, T2. Let £41,2:51 be value of £4 and 
£5 on path 1; £42,2:52 be value of 2:4 and 2:5 on path 2. 
Suppose ti and T2 meet at p where p is a point on screen. 
At p, we have 

xa = x 42 X51 = X52 (26) 

Let AL— path(from S2 to p) - path(from SI to p), then 
to get equation l|26(l . AL must satisfies: 

AL=(n+A) A (27) 

where n is any integer and A is wave length, particle can 
not reach those points, which does not satisfy equation 
Q27JI: so we get interference pattern on the screen. 

V. CAUSALITY IN THREE DIMENSIONAL 
TIME 

In real world, time has direction. Here proper time r 
and proper time a have directions too. 

From Figl., Fig2. and Fig5., one can see that r and a 
both move to positive direction of t. Along world line r 
when cr is unchanged, if event 1 happens at t\ and event 2 
happens at T2 and ti > T2, then corresponding universal 
time t\ > ti, so, on world line r, the causality is pre- 
served. Along world line a when r is unchanged, if event 
1 happens at 01 and event 2 happens at 02 and <7i > 02, 
then corresponding universal time ti > t^, so on world 
line cr, the causality is also preserved. In general, event 
1 happens at {ji,oi), and event 2 happens at (ji,(J-2), 
if Ti > T2 and 01 > 0%, then we have ti > t%, causality 
is preserved. But what will happen when crj > 02 and 
Ti < T2? On Fig5, if event 1 happens on xi, event 2 hap- 
pened on 2:2, then on "local static" reference frame, event 
1 happened after event 2 because t\ > T2, on universal 
time, event 1 happened at the same time as event 2 be- 
cause both happened at t = 0, on world line cr, event 1 
happened before event 2 because crl < cr2, does it conflict 
with causality? 

Look at Fig5. Suppose universal time t at t — —ti, par- 
ticle reached ti along world line r; then particle moves to 
2:2 at t=0 along world line cr, a — 02, on "local rest" refer- 
ence frame (world line r) which is still at r = T2 , the par- 
ticle goes to future because t — > ti- If at £2, particle 
does not have any interaction with other particles, then 
the particle can't "see" anything in future, when particle 
moves back to t = Ti,cr = 0, there is nothing related 
to causality, no event occurred. But if event 2 happened 
at £2; i-e, particle interacts with other particle, then the 
particle's physical state is changed by interaction (Re- 
member: We can not measure a particle without affect 
its physical status). Suppose the particle's momentum 
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known Bell's inequality. There are already many papers 
discussing about causality law in this phcnominon 9J. 
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FIG. 5: Current universal time is t = — £2, particle reaches 
X2 at t=0, it is in future since t = > —£2- When event 2 
happens at £2, the particle interacts with other particles, so 
particle's world lines is changed, its next movement will be 
based on new world line r' 



has a small changes: Sp, then the particle's next move 
will start on a new world line r' , the particle can not go 
back to original world line r, this phenomenon is corre- 
sponding to wave-packet collapse in quantum physics, so 
any event happened on this particle after event 2 will be 
on time t > 0, the causality is still preserved. Oriented 
r and a and wave-packet collapse are key factors to keep 
causality preserved. 

All physical reference frames still move along world line 
r with speed u < c, so causality is preserved in any refer- 
ence frame. Although particle's speed v > c along world 
line a, we can not observe or measure this speed because 
we can not determine particle's position without affect- 
ing particle's velocity (momentum). From all above, we 
see that three dimensional time contain the basic prop- 
erties of quantum physics, one can understand that three 
dimensional time will not conflict with causality law un- 
less quantum physics itself conflicting causality law. If 
two identical particles are correlated each other, and we 
separate the wave to two parts with certain distance, if 
we affect one part of wave, then the other part on the 
other place will be affected on the same time (i.e. the in- 
formation passed without time change). This is the well 



VI. SOME DISCUSSINONS 

First, it is interesting to see the relation between three 
dimensional time and String theory. Actually Figl. looks 
like a world sheet in String theory If we let a be space di- 
mension instead of proper time, it turns to bosonic String 
theory. There are two major differences between three 
dimensional time and String theory. 

1) In String theory, the motion in a direction is com- 
pacted. It can not be very large since we never see ex- 
tra space dimensions in real world. In three dimensional 
time, the distance traveled by world line a can be very 
large, this is a very important property which provides 
non-local properties of three proper time physics. 

2) Three dimensional time has different statistical re- 
sults from String theory. Because of the special character 
of time (which different from space) , it demonstrates the 
same statistical results as quantum physics. 

But we still can use some results of String theory. Con- 
sidering two proper time case, put Lagrangian 

L = -imp • x'f - (x • ±){x' ■ x')] 1 ' 2 (28) 

Where x = x' = The Lagrangian above is the 
same as the Lagrangian in string theory £| . The classical 
equation of motion is 



d SL d 5L ^ 

dr 5x a d(j> Sx a 



(29) 



Add constraints 



x ■ x' = , x ■ x + x' ■ x' = Q (30) 
The equation of motion H29J) becomes wave equation: 

X a = X" a (31) 

The above result is the same as bosonic string theory Q . 
For free particle with constant momentum, we choose 
solution: 



x a (r, 1 



e n 



(32) 



Since x a (r, (f>) must be real number, the above equations 
have solutions only when 

4> = t = — (Et -pixi -P2X2 ~P3X 3 ) (33) 

We see that eauation (|33|l corresponding to proper time 

Second, there are possible some interesting relations 
between three dimensional time and quantum held the- 
ory. Feynman |l0j interpreted negative energy state of 
particle as: negative energy state represents the particle 
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moving to negative time direction. It is hard to under- 
stand or illustrate this in 1 dimensional time theory, but 
it can be often seen in three dimensional time: looking 
at Fig5. particle goes to X2 (future) at t=0, then go back 
to ti(ri,a = 0). In addition, in section^ Fig3, when 
a accrossing Xi coordinate, momentum becomes infinite, 
that is because the particle moves from one location to 
another location without changing universal time t - the 
particle moves by a only. That is to say We get infin- 
ity momentum because we only use space and first time 
dimension t to calculate momentum. If we uses a, the 
infinity will be gone. It is possible to use this to deal 
with the infinities in quantum field theory in future. 

Third, this paper is only dealing with "basic" quan- 
tum physics. I.e., it is only discussing spinless particle. 
I believe that spin is coming from the motion of extra 
time dimension. To discuss the particle with integer spin 



and half-integer spin, we have to find a way to explain 
the results of Bose-Einstcin statistics and Fermi-Dirac 
statistics. We will discuss that in another paper. 

I used three dimensional time to interpret quantum 
physics in two other papers before ^2 

hj. This paper 

provides more details and clear pictures for three dimen- 
sional time theory. 
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Equations of Motion with Multiple Proper Time: A New Interpretation of Basic 

Quantum Physics 



Xiaodong Chen* 
(Dated: June 5, 2005) 

Equations of motion for single particle under two proper time model and three proper time model 
have been proposed and analyzed. The motions of particle are derived from pure classical method 
but they exhibit the same properties of quantum physics: the quantum wave equation, de Broglie 
equations, uncertainty relation, statistical result of quantum wave- function. This shows us a possible 
new way to interpret quantum physics. We will also prove that physics with multiple proper time 
does not cause causality problem. 



PACS numbers: 03.65.-w 

I. INTRODUCTION 



From Thirring [1] and Kaluza[2] 's 5-dimcnsional 
space-time to today's superstring theory, Physics with 
extra space-time dimensions have been studied for about 
90 years. One of questions the theories have to face is: 
"do we have any observation of extra dimension in na- 
ture? " For more than 90 years in another area, from 
Einstein to Bohm[3]'s quantum hidden variable theory, 
people have been looking for a way to find classical in- 
terpretation of quantum physics. The purpose of this 
paper is to show that it is possible to interpret quantum 
physics by adding extra time dimension (or dimensions) 
in classical physics. 

The extra space-time dimensions in most theories are 
space dimensions. People believed that extra time di- 
mension could cause causality problem [4]. I. Bars and 
etc [5] [6] [7] proposed two timclikc dimensions in string 
theory which called "two time physics". I. Bars' papers 
could raise questions like: "Does two time-like dimen- 
sions necessarily mean two dimensional time? "; "Does 
that create causality problem? " One of the most im- 
portant questions is: if there are two dimensional time, 
a particle should be able to move under two independent 
"proper time", how does the motion look like in basic 
physics? 

In this paper, multiple proper times are introduced in 
classical physics. In addition, a particle is always treated 
as a point particle in this paper. Section II will introduce 
the model of two independent proper time. The world 
lines equations and motion of equation of single particle 
under two proper time are derived. Section III will in- 
troduce the model of three dimensional time. In section 
IV, the interpretation of quantum physics is discussed. 
In section V, Causality under multiple dimensional time 
is discussed. Section IV will show that multiple dimen- 
sional time will not cause causality problem. 



II. TWO PROPER TIME MODEL FOR 
CLASSICAL SINGLE PARTICLE 

Relativity introduced symmetry between time and 
space into physics. In Ricmann Space, the only differ- 
ence between time and space are their signatures (+ and 
-); but there is one asymmetrical properties which time is 
different from space - proper time r. r plays as a special 
affine parameter in Relativity In fact, r is the one we 
called "time" in our common life(in low speed world). If 
there is n-dimensional time in the world, there should be 
n-dimensional proper time. 

In this section, we will study how the motion of single 
particle looks like if there are two proper time. Through- 
out this paper, r indicates the first proper time which 
is the proper time in relativity, a indicates the second 
proper time. We call world line r if particle moves along 
world line with proper time r, and world line a if parti- 
cle moves along world line with proper time a, We made 
some reasonable assumptions to second proper time: 

1) World lines a are orthogonal to world lines r. 

2) <t and r are independent; i.e., when particle's posi- 
tion on world line r is unchanged, the particle can still 
move on world line a and vice versa. 

3) Similar to Kaluza [2] and Klein [8]'s idea, we apply 
cylinder condition on a: a is a loop with value from to 
2tt. 

For free particle with constant velocity, let x aT (a = 
0..3) be 4-dimcnsion coordinates on world line r; u — 
VuiU 1 , (i = 1,2,3) which is speed of particle on world 
line t; x aa be 4-dimension coordinates on world line a; 
v = \jviV 1 , (i = 1,2,3) which is speed of particle on world 
line a. t T as time on world line r, t a as time on world 
line a, then 

T 

XQj- Ct T X%T ^i^T ) t T = (1) 

where i=l,2,3; c is the speed of light. Momentum and 
energy can be defined as 

Pi = miti , E — mc 2 (2) 
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where i=l,2,3 ; m is mass of particle. Then from special 



xo 




FIG. 1: World line r and world line a on t — Xi plane in 
Minkowski space. Particle can move along both world lines, 
slope of r is u/c. At t — 0, the single particle will be shown 
at many positions: — xi, —X2, ... — x n with different values of 
t and a (— n, ai)..(— r„, a„). Also the single particle will be 
shown at x = at different time: ti,t2,-.t„ with different r 
and a avalues; where x n = h/mu and i„ = h/mc 2 which are 
de Broglie wavelength and period. 



relativity, world line r satisfies condition 



FIG. 2: World line r and world line a on Xo — Xi plane in 
Riemann space. At each points of world line r, the parti- 
cle can move along world lines <r, slope of r is u/c. Each 
world lines a parallel to each other with slope: v/c = c/u. 
In Riemann space, r and a are orthogonal to each other. At 
t = 0, the single particle will be shown at many positions: 
xi, X2, ■■■Xn with different values of r and a (tl, <7i)..(t„, <j„). 
Also the single particle will be shown at a; = at differ- 
ent time: ti,t2,--t n with different values of r,sigma; where 
x n = h/mu and t„ = h/mc 2 which are de Broglie wavelength 
and period. 



t = (Et - pixi - p 2 x 2 - P3X 3 ) (3) 

where mo is static mass. Figl draws world line r and 
world line a on x — Xi plane in Minkowski Space. 
Slope of world line r 

/xor, Slope of world line a 
is Xiu/xoo, and x iT /x 0T = x 0a /x icr since they are perpen- 
dicular to each other, so 



Vr = 



(4) 



Vi > c and a is space like, r and a are independent; On 
each point of world line r, particle can move on world 
line a. 

Fig2. draws world line r and world line a on x — Xi 
plane in Riemann Space. 

The equations of motion of particle are: 



x (t, a) 



i - K 

UiT 



+ i 



= +x (t ,(t ) (5) 

T 

+ Xi(T ,a ) (6) 



where i=l,2,3 ; xo(to,<to) is initial value of xq, Xi(ro,ao) 
is initial value of Xi\ imaginary number i is to keep a 
and x a to be real value since v >> c. Under equation 
(6), particle's position is determined by two proper time 
(t, a), but the particle's position can not be localized by 
each of them individually. As the result, particle's spatial 
position Xi is not localized at fixed time t. Therefore, 
different from Relativity, the physics of single particle is 
not localized by 4-dimensional space-time. 

From Figl we see that at t = x = 0, particle's spa- 
tial position can be at — x n through the path: from — r n 
to — x n ; and can be at x 2 through the path: first from 
— t„— > — r 2 , then from — r 2 — > x 2 ; and can be at x\ 
through the path: first from — r„— > — n, then from 
— Ti— > x\. At t=0 and 1J j^- = —2ir, we have 



X{ 



Pi 



similarly at x% — and = 27r, 

h 



t = 



E 



(7) 



(8) 





FIG. 3: World lines a is a infinitesimal loop to fixed point 
(xo, to), t perpendicular to loop a, so r can point to any 
direction, the slope of r is from — oo to oo which means the 
momentum is from — oo to oo. 



FIG. 4: The loop of extra time dimension on complex plane 



III. THREE PROPER TIME MODEL - 
APPROACH TO QUANTUM PHYSICS 



If satisfies periodic condition, then equation(7) and 
(8) become de Broglie equations, but r is the proper time 
associate with time dimension t, and we never observed 
periodic properties in classical physics for t, so we need 
to add one more time dimension and proper time in the 
next section. 



The Above equations illustrate the motion of single 
particle under two proper time with constant energy and 
momentum. The single particle spreads out everywhere 
in space-time, i.e., with fixed energy and momentum, the 
particle's position and time are uncertain. That is, be- 
cause at each fixed r, particle can move by a to another 
position. To localize a particle, we need to make all a 
"stay" only at one position (xio,t). From equation (4), 
Vi can not be zero, so world line a must be a infinitesimal 
loop around (x io ,io) a s shown in Fig3. But world line r 
perpendicular to world line a, and the slope of t is 
momentum pi = miti. From Fig3, we see that because 
at each points on circle a, particle can move perpendic- 
ular to a which create a world line r, and the slope of 
r is from — oo to oo, so the momentum becomes — oo to 
oo . I.e. if we localized particle's position and time, the 
momentum and energy will become uncertain. 



Let's introduces new time coordinate x 4 and new 
proper time <j>. Fig4. draws time loop on a complex- 
plane, and 4> is the angle from to 2ir. The equation of 
loop is e 1 ^ . Let 



m T 

h 



(9) 



i.e., particle moves around the loop of 4> with angular 
velocity uses equation (3), the equation of loop be- 
comes: 



im^r ^ e jr(Et-p 1 X 1 -p2X2~P3X 3 ) 



(10) 



It is wave function of quantum particle with fixed 4- 
momentum. In fact, in Figl, at t=0, particle's positions 
are any points from — A = j- to with x 4 from —2tt to 
0; At x=0, particle stays position (x=0) at time from 
to |j with 24 from to 2tt. Therefore, Figl. and Fig 2. 
illustrate a plane wave. It is created by single particle's 
motion under proper time t, a, (p. 

Assume the geometry of new time dimension 24 is a 
loop with fixed radius (we can also assume the radius 
of loop is very small, for example, the length of Planck 
constant h, to be convenience, here we choose radius =1 
), then 

x 4 = e i(t> (11) 

On Xi coordinate, when X4 moves around a circle, Xi 
moves from to A, this can be interpreted as x oscillating 
along X4 direction which is perpendicular to x-t plane. 



Let's go back to proper time a, and let the time di- 
mension which associates with a be X5. Particle moves 

2 

along world line a with speed ^- which is phase velocity 
of de Broglie wave. Similar to x 4 , assume X5 is also a loop 
as illustrated in Fig4., we can build 1 to 1 relationship 
between loop x 5 and world line a, let 



x b 



-£-(Et-piX 1 -p 2 X2-p3X 3 ) 



(12) 



In real world, we only have knowledge of one dimen- 
sional time t. In experiment, we measure one time di- 
mension by using "clock" . We do not know how to syn- 
chronize each particle's 2nd and 3rd time dimensions x 4 
and £5. When a particle of apparatus arrives at (x,t) 
with 2nd time dimension x 4ai the x 4 value of the par- 
ticle to be measured can be any value on loop e"~; But 
to "meet" the particle at location X(xi), the apparatu's 
particle and the particle p must arrive at location X(xi) 
at the same three dimensional time, i.e. x 4a — x 4p , and 
%5a — x^p. The possibility of x 4a = x 4p is 



1> = P* 



JV 



Similarly, the possibility of x 5a — x 5p is 



Pa = 



(13) 



(14) 



So the total possibility to find particle at (x,t) is 

P = P^P a = (15) 

For the plane wave of single photon, proper time r = 0, 
equation (9) is no longer valid. Then proper times a and 
<j) are not related to r. Instead, we separate the motions 
of photon by three proper time. 1) Photon moves along 
world line r. 2) Photon has oscillation E = E e~ lLJt+Xx 
by a which perpendicular to r, where E is electric field. 
3) Photon has oscillation B = Boe~ luJt+Xx by <j> which 
perpendicular to r, where B is magnetic field. The pos- 
sibility to find photon is proportional to : 



S = ExB 



(16) 



In another paper [11], I proved that by choosing 6- 
dimensional space-time metric as 



9a(i 

(9ab) = ( i> 



(17) 



where metric elements g a p is 4-dimcnsional metric. We 
can derive Klein-Gordon equation directly from Einstein 
field equation: 



Gab = kTab , 



(18) 



Under this metric, for spinlcss free particle, we have equa- 
tion of world line r: 

ds 2 = dx a dx a + ei ( - pC " x "- ,n " x ^dx 4 dx' i ~ dx 5 dx 5 (19) 



Equation for world line a 

ds 2 = dx a dx a - dx 4 dx 4 + e^- ( - pC " x ^ moX ^dx 5 dx 5 (20) 

In general, for spinless particle, equation (19) becomes 

ds 2 = dx a dx a + ij?dx 4 dx A — dx 5 dx 5 (21) 

Put it into Einstein field quation, it satisfied wave equa- 
tion [11]: 



d A d A tp = 



(22) 



where A = 0...5, tp is wave function. The wave equa- 
tion (22) is derived directly from Einstein field equation 
where Planck constant plays the same role as gravational 
constant [11]. It means that quantum phenomena can 
be understood as pure geometry effect of 6-dimensional 
space-time. 



IV. INTERPRETATION OF QUANTUM 
PHYSICS 



Non-local property of single quantum particle is one of 
the most important reasons why quantum physics does 
not fit in classical physics theory. In quantum physics, 
a single particle can stay at different places at the same 
time. In double slits interference experiment, if we try to 
use classical paths to describe particle's motion, the par- 
ticle has to pass both slits at the same time. In condense 
matter physics, a electron's spatial positions will be ev- 
erywhere in lattice at any time; i.e. the electron's must 
be able to stay in may spatial positions inside lattice at 
the same time; in the experiment about Bell's inequality, 
a single particle must stay in two different spatial places 
even though the distance between those two places are 
"far" . Those all conflict with our knowledge in classical 
physics (including Relativity). In classical physics with 
one dimensional time, a particle can not stay in more 
than one place at the same time. 

Section II demonstrates that by introducing multi- 
ple proper time, single particle's motion shows non-local 
properties in classical physics. The particle can move to 
different places by extra proper time a, in Figl, at time 
t=0, particle's spatial positions are x\, X2, ■■■ x n . In fact, 
section II and III draw two different pictures: 

1) Along world line r, free particle moves like classical 
particle with constant velocity with classical energy and 
momentum. 

2) World lines of a and 4> are also straight lines. Rela- 
tions between <f> and 2nd time dimension x 4l a and third 

. , i TYl Q T 

time dimension X5 are x 4 — e %<p = e~ ~ , £5 = e J<J = 



e » , The equations come from the geometry of x 4 
and 25, which are loops in complex plane. 

Put 1) and 2) together, then with equation it created 
plane wave function for single particle. Single particle's 
position is not unique under 1 dimension time t, but the 
position is unique under three dimensional time (t, x 4} 



x 5 ). Because of the uniqueness, one particle can not con- 
tribute two energies, one electron can not contribute two 
electronic charges. In addition, at each point (t, X4, x 5 ) 
of three dimensional time, the particle's energy, momen- 
tum and charge are the same definition as in classical 
physics. 

To measure particle p at (x,t), the values 2:4 and x§ 
of apparatus's particle must by the same as the values of 
p. That is because two things can only meet at the same 
time (here are three dimensional times). In section III 
we have discussed that: because we do not have appa- 
ratus to measure 2nd and 3rd dimensional time, we can 
not determine particle's location by our 4-dimensional 
apparatus. Instead, the particle's position is statistical 
in 4-dimensional space-time description. The possibility 
of finding the particle is proportional to ipip* in equation 
(15). Equation (15) is derived by single free particle with 
constant velocity. In general cases, the map between 2:4 
and X5 loops to 4-dimensional coordinates are not nec- 
essarily to be plane wave function. Instead, it could be 
the combination of plane wave function with different 
frequencies and wave-lengths. For example, the case of 
Fig3. Then the world lines of particle become multiple 
lines of world lines r with different slopes. But on each 
individual world line r, X4 and x$ are plane waves with 
the same frequency and wave-length. That means in gen- 
eral: 

Xi = * = V(r ) + V(n) + -4>{T n ) (23) 

Then 

x 5 - r(ro) + ip*(n) + -.4*{r n ) = (24) 

So the possibility of finding particle is always l^l 2 . When 
we found the particle, the particle's momentum, energy 
and other observables are defined along r, so the average 
value of classical observable F is: 

<F>= J F\^\ 2 (25) 

Figl. and Fig2. show that when particle's momentum 
is fixed, particle's position is uncertain because particle 
can move by a. Fig3. shows that when particle's position 
is localized, particle's momentum becomes uncertain be- 
cause of the changing slopes of r by world line cr, i.e. we 
can not find a world lines distribution of t and cr such 
that both position and momentum are constant. That is 
the reason we have uncertainty relationship for x and p 
in quantum physics. 

Now let's consider the double slits interference experi- 
ment for particle. In x-y plane, let particle move along x 
coordinate with y — 0, the double slits at x= d, two slit's 
coordinates are Si(d, y/2) and S 2 (d, — J//2), and screen 
at x = S. When particle reaches x=d, we know that even 
though the particle's y component of velocity u v is zero: 
u y = 0, particle still moves in y direction by proper time 
cr, so at x=d, particle can move from SI to S2 by cr, i.e. 
the particle passes both slits at the same time t. At Si, 



the particle's X4 and 25 value are (e l( ^, e~ l6 ), and at S 2 
with values (e l ^ +s \ e~ l ^ 6+s ^), 5 is a small number since 
the distance between Si and S2 is small. After particle 
passes SI and S2, the world line r splits into two paths 
with world lines Ti, t 2 . Let £41,2:51 be value of 24 and 
x 5 on path 1; £42,2:52 be value of 2:4 and 2:5 on path 2. 
Suppose n and t 2 meet at p where p is a point on screen. 
At p, we have 

X41 = x 42 x 51 = x 52 (26) 

Let AL— path(from S2 to p) - path(from SI to p), then 
to get equation (26), AL must satisfies: 

AL=(n+^-)\ (27) 

where n is any integer and A is wave length, particle can 
not reach those points, which does not satisfy equation 
(27); so we get interference pattern on the screen. 

V. CAUSALITY IN THREE DIMENSIONAL 
TIME 

In real world, time has direction. Here proper time r 
and proper time a have directions too. 

From Figl., Fig2. and Fig5., one can see that r and a 
both move to positive direction of t. Along world line r 
when cr is unchanged, if event 1 happens at n and event 2 
happens at T2 and T\ > T2, then corresponding universal 
time t\ > t 2l so, on world line r, the causality is pre- 
served. Along world line a when r is unchanged, if event 
1 happens at <j\ and event 2 happens at 172 and <j\ > 02 , 
then corresponding universal time t\ > t 2l so on world 
line cr, the causality is also preserved. In general, event 
1 happens at (ti,cti), and event 2 happens at (r 2 ,(T2), 
if ti > r 2 and o\ > a 2 , then we have t\ > t 2 , causality 
is preserved. But what will happen when ai > a 2 and 
T\ < t 2 ? On Fig5, if event 1 happens on x\, event 2 hap- 
pened on x 2 , then on "local static" reference frame, event 
1 happened after event 2 because t\ > t 2i on universal 
time, event 1 happened at the same time as event 2 be- 
cause both happened at t = 0, on world line cr, event 1 
happened before event 2 because crl < cr2, does it conflict 
with causality? 

Look at Fig5. Suppose universal time t at t = —t 2 , par- 
ticle reached t 2 along world line r; then particle moves to 
2; 2 at t=0 along world line a, a = a 2 , on "local rest" refer- 
ence frame (world line r) which is still at r = t 2 , the par- 
ticle goes to future because t — > t 2 . If at 2; 2 , particle 
does not have any interaction with other particles, then 
the particle can't "see" anything in future, when particle 
moves back to r = ti,<t = 0, there is nothing related 
to causality, no event occurred. But if event 2 happened 
at 2:2; i.e, particle interacts with other particle, then the 
particle's physical state is changed by interaction (Re- 
member: We can not measure a particle without affect 
its physical status). Suppose the particle's momentum 



known Bell's inequality. There are already many papers 
discussing about causality law in this phenominon [9]. 



t 




FIG. 5: Current universal time is t = —ti, particle reaches 
X2 at t=0, it is in future since t = > —ti- When event 2 
happens at X2, the particle interacts with other particles, so 
particle's world lines is changed, its next movement will be 
based on new world line r' 



has a small changes: 6p, then the particle's next move 
will start on a new world line r', the particle can not go 
back to original world line r, this phenomenon is corre- 
sponding to wave-packet collapse in quantum physics, so 
any event happened on this particle after event 2 will be 
on time t > 0, the causality is still preserved. Oriented 
r and a and wave-packet collapse are key factors to keep 
causality preserved. 

All physical reference frames still move along world line 
r with speed u < c, so causality is preserved in any refer- 
ence frame. Although particle's speed v > c along world 
line a, we can not observe or measure this speed because 
we can not determine particle's position without affect- 
ing particle's velocity (momentum). From all above, we 
see that three dimensional time contain the basic prop- 
erties of quantum physics, one can understand that three 
dimensional time will not conflict with causality law un- 
less quantum physics itself conflicting causality law. If 
two identical particles are correlated each other, and we 
separate the wave to two parts with certain distance, if 
we affect one part of wave, then the other part on the 
other place will be affected on the same time (i.e. the in- 
formation passed without time change). This is the well 



VI. SOME DISCUSSINONS 

First, it is interesting to see the relation between three 
dimensional time and String theory. Actually Figl. looks 
like a world sheet in String theory. If we let a be space di- 
mension instead of proper time, it turns to bosonic String 
theory. There are two major differences between three 
dimensional time and String theory. 

1) In String theory, the motion in a direction is com- 
pacted. It can not be very large since we never see ex- 
tra space dimensions in real world. In three dimensional 
time, the distance traveled by world line a can be very 
large, this is a very important property which provides 
non-local properties of three proper time physics. 

2) Three dimensional time has different statistical re- 
sults from String theory. Because of the special character 
of time (which different from space) , it demonstrates the 
same statistical results as quantum physics. 

But we still can use some results of String theory. Con- 
sidering two proper time case, put Lagrangian 

L = -imp • x'f - {x ■ x)(x' • x')] 1 ' 2 (28) 

Where x = ^ ; x' = The Lagrangian above is the 
same as the Lagrangian in string theory [4] . The classical 
equation of motion is 

d , SL d , 5L .. „ . . 

(29) 

Add constraints [4]: 

x ■ x' = , x ■ x + x' ■ x' = (30) 

The equation of motion (29) becomes wave equation: 

x a = x a (31) 

The above result is the same as bosonic string theory [4] . 
For free particle with constant momentum, we choose 
solution: 

x a (r^)=e-^-^ (32) 

Since x a (r, </>) must be real number, the above equations 
have solutions only when 

4> = t = — (Et -pixi -p 2 x 2 -P3X3) (33) 
too 

We see that equation(33) corresponding to proper time 

Second, there are possible some interesting relations 
between three dimensional time and quantum held the- 
ory. Feynman [10] interpreted negative energy state of 
particle as: negative energy state represents the particle 



moving to negative time direction. It is hard to under- 
stand or illustrate this in 1 dimensional time theory, but 
it can be often seen in three dimensional time: looking 
at Fig5. particle goes to x-i (future) at t=0, then go back 
to t\{r\,o = 0). In addition, in section II, Fig3, when 

accrossing Xi coordinate, momentum becomes infinite, 
that is because the particle moves from one location to 
another location without changing universal time t - the 
particle moves by a only. That is to say We get infin- 
ity momentum because we only use space and first time 
dimension t to calculate momentum. If we uses a, the 
infinity will be gone. It is possible to use this to deal 
with the infinities in quantum field theory in future. 

Third, this paper is only dealing with "basic" quan- 
tum physics. I.e., it is only discussing spinlcss particle. 

1 believe that spin is coming from the motion of extra 
time dimension. To discuss the particle with integer spin 



and half-integer spin, we have to find a way to explain 
the results of Bose-Einstein statistics and Fermi-Dirac 
statistics. We will discuss that in another paper. 

I used three dimensional time to interpret quantum 
physics in two other papers before [12] [11]. This paper 
provides more details and clear pictures for three dimen- 
sional time theory. 
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